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order 10 achieve the proper efficiency of transla- 
tion. These niles are much less clear for viral 
RNAs, due to the interfering and overshadowing 
influences of other processes such as replication 
and packaging which require particular sequen- 
ces. 

The second manifestation of codon usage 
preference occurs in the selection of synonymous 
codons by different tRNA species charged with 
the same amino acid. Such a population of tRNAs 
is known as a family of ^iso-acccpting" tRNAs. 
As would be expected for strongly expressed 
genes, there is a clear correlation between the 
relative amounts of different iso-acccpting tRNA 
species and the use of corresponding codons 
(Ikemura, 1981). In other words, the higher the 
concentration of a particular iso-accepting tRNA T 
the more often the corresponding codon appears 
in the sequence of the strongly expressed gene; on 
the other hand, this means that translation may be 
modulated and controlled by rare codons, for 
which the corresponding tRNAs occur in trace 
amounts only. Such codons may be AUA, coding 
for isoleucine, CUA (leucine), CGG and CGA 
(arginine), and GGA (glycine). These codons are 
marked by an arrow in Table 7-4, and, indeed, 
they are hardly used at all. It is not known 
whether organisms really use this mechanism to 
control gene expression. 

It should be noted here that the choice of a 
codon for which there is a limited supply of a 
corresponding charged tRNA would inevitably 
cause an imbalance in the tRNA population of an 
organism - This in turn would not only slow down 
translation but would also make the system more 
prone to errors. One may imagine, for example, a 
competition between correct and false tRNAs at 
the ribosome A site prepared for the entry of an 
aminoacylated tRNA, If, due to its low concen- 
tration, the correct tRNA were too slow to 
interact, the false tRNA would associate with the 
ribosome and, hence, a false amino acid would be 
incorporated into the growing polypeptide chain. 
This process may even be associated with altera- 
tions of the reading frame if the structure of the 



false tRNA prevents the proper entry of the next 
tRNA, and this has, indeed, been observed for 
several suppressor tRNAs. It is the basis of the 
phenomenon known as framcshift suppression. 
Suboptimal translation conditions of this kind 
have been artificially induced in vivo by starving 
bacterial cells for certain amino acids or in vitro by 
the addition of certain tRNAs to cell-free systems 
(Roth, 1981: Weiss und Gallant, 1983). 

The significance of an appropriate codon choice 
for the expression of foreign genes in hetero- 
logous organisms has never been convincingly 
documented; nevertheless, especially since other 
unknown parameters may affect heterologous 
gene expression, the rules mentioned in this 
section should be followed as closely as possible in 
order to approach natural conditions. For chemi- 
cally synthesised genes, for example, codons 
should be selected in accordance with the fre- 
quencies with which such codons occur in the 
desired host organism (cf. Section 11,2.2.1). 

7 A Construction of Expression 
Vectors 

Several strategics using regulatory sequences 
discussed in the preceding sections have been 
pursued to optimise the expression of genes. In 
principle, these strategies are aimed at the con- 
struction of vectors allowing the synthesis either 
of fusion proteins comprising vector and insertion 
sequences (Fig. 7-44A) or of pure proteins exclu- 
sively encoded by the insertion (Fig- 7-44B). The 
first construction is referred to as a transitional 
fusion, the second as a transcriptional fusion. The 
following selected examples will clarify this dis- 
tinction, 



7 A J Synthesis of Fusion Proteins 

In order to obtain a hybrid protein, the foreign 
DNA must be inserted into an expressablc vector 
gene in such a way that the reading frame in this 
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from the P L promoter on the other plasmid. A 
shift to higher temperature (42°C) leads to two 
events, a ten- to twentyfold amplification of the 
runaway replication vector copy number, and a 
simultaneous derepression of the Pl promoter 
due to inactivation of the cI857 repressor at 42 °C 
This two-plasmid expression system was tested 
with the T4-dertved DNA ligase gene, the expres- 
sion of which could be induced to levels up to 15% 
of the total cellular protein. It is effective in many 
E. colt strains and has also proved successful for 
the expression of the human IGF-I protein (Buell 
etaL, 1985). 



7.4.2.4 Synthetic Ribosome Binding Sites 

The hybrid ribosome binding sites discussed in 
Sections 7.4.2.1 and 7.4.2.2 arc not necessarily 
optima) for ribosome binding, and hence for 
efficient translation (c/. also Section 7.2). These 
binding sites contain naturally occurring S/D 
sequences which frequently Show a relatively low 
degree of homology with the sequence of the 3' 
end of 16S ribosomal RNA_ In the lac system it is 
only four and in the trp leader peptide S/D 



rv 



'III 

5-7a7gGaCGTTTa-3' 
3' - ACSTATTCC KCAAATTCGa - S* 
Pstl Hind HI 

M> Ml 

Fig. 7-71. Structure of a synthetic linker with Psi\ (I) 
and /find III (II) ends, coding fo r a sto p codon (HI), an 
S/D sequence (IV), and the GGTTTA sequence. 
(Jay et a/., 1981). 

5'-GGTTTAA-3' , which is important for binding 
ribosomal proteins (Fig. 7-71; cf„ also Fig. 7-37; 
also Jay et al. , 1982) therefore was synthesised 
chemically. The entire synthetic ribosome binding 
site consists of two oligonucleotides of twelve and 
twenty bases, respectively. The left-hand 3' pro- 
truding end contains a sequence which allows 
ligation with a Pstl site (I), the right-hand 5' 
protruding end a Hint III site (II). A TAA stop 
cbdon (IH) within this linker molecule is in phase 
with p-laclamase (sec below); in the inner part of 
this linker lie the S/D sequence of nine bases (IV) 
and the sequence GGTTTAA (V). Since the 
linker is asymmetrical it is more universally 
applicable than conventional symmetrical link- 
ers. 

As Shown in the example in Fig. 7-72, this 
linker is positioned at a correct distance in front of 



sequence only three bases which show this homol- the stan codon of a gene to be expressed, and 



ogy at all. It was postulated (Jay et al. , 1981) that 
ribosome binding, and hence initiation of protein 
biosynthesis, would be much more efficient if 
these regions of homology could be extended. A 
DNA oligomer containing an S/D sequence of 
nine base pairs and an additional sequence, 



inserted together with this gene X into the Pstl 
Site within the 0-lactamase gene of pBR322 (c/. 
also Fig. 4.1-11). In a bacterial cell, transcription 
initiates at the promoter of the (J-lactamase gene 
to yield a hybrid mRNA containing the 0- 
lactamase component and sequences of gene X 
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tffc. 7-72. Use of synthetic ribosomal binding sites for the construction of expression vectors. 
The linker carries a stop codon and a consensus S/D sequence. Although only one hybrid mRNA is transcribed, two 
proteins arc <ynthesised, one of which is a fragment of p-lactamasc with amino acids 1-183; the other is the gene X 
product with an AT-ierminal methionine residue. Numbers in parenthesis are pBR322 co-ordinates. 
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